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SECTION 23 52 00.01 00

HEATING BOILERS

PART 1   GENERAL

1.1 REFERENCES

The publications listed below form a part of this specification to the
extent referenced.  The publications are referred to within the text by the
basic designation only.

AIR MOVEMENT AND CONTROL ASSOCIATION INTERNATIONAL (AMCA)

AMCA 801 (2001; R 2008) Industrial Process/Power
Generation Fans:  Specification Guidelines

AMERICAN WELDING SOCIETY (AWS)

AWS B2.2/B2.2M (2010) Specification for Brazing Procedure
and Performance Qualification

AMERICAN SOCIETY OF CIVIL ENGINEERS (ASCE)

ASCE 7-10 (2010; Errata 2011; Supp 1 2013) Minimum
Design Loads for Buildings and Other
Structures

ASME INTERNATIONAL (ASME)

ASME B16.20 (2012) Metallic Gaskets for Pipe Flanges -
Ring-Joint, Spiral Wound, and Jacketed

ASME B31.1 (2014; INT 1-47) Power Piping

ASME B31.5 (2013) Refrigeration Piping and Heat
Transfer Components

ASME B40.100 (2013) Pressure Gauges and Gauge
Attachments

ASME BPVC SEC IV (2010) BPVC Section IV-Rules for
Construction of Heating Boilers

ASME BPVC SEC IX (2010) BPVC Section IX-Welding and Brazing
Qualifications

ASME CSD-1 (2012) Control and Safety Devices for
Automatically Fired Boilers

ASTM INTERNATIONAL (ASTM)

ASTM A653/A653M (2015) Standard Specification for Steel
Sheet, Zinc-Coated (Galvanized) or
Zinc-Iron Alloy-Coated (Galvannealed) by
the Hot-Dip Process
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COPPER DEVELOPMENT ASSOCIATION (CDA)

CDA A4015 (2010) Copper Tube Handbook

HYDRONICS INSTITUTE DIVISION OF AHRI (HYI)

HYI-005 (2008) I=B=R Ratings for Boilers,
Baseboard Radiation and Finned Tube
(Commercial)

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS
INDUSTRY (MSS)

MSS SP-58 (1993; Reaffirmed 2010) Pipe Hangers and
Supports - Materials, Design and
Manufacture, Selection, Application, and
Installation

MSS SP-69 (2003; Notice 2012) Pipe Hangers and
Supports - Selection and Application (ANSI
Approved American National Standard)

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA MG 1 (2014) Motors and Generators

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 31 (2011) Standard for the Installation of
Oil-Burning Equipment

NFPA 54 (2015) National Fuel Gas Code

UNDERWRITERS LABORATORIES (UL)

UL 726 (1995; Reprint Oct 2013) Oil-Fired Boiler
Assemblies

1.2 SUBMITTALS

Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are for information only.
Submittals with an "S" designation following the "G" are for inclusion in
the Sustainability Notebook, in conformance to Section 01 33 29.01 00
SUSTAINABILITY REPORTING.   Other designations following the "G"
designation identify the office that will review the submittal for the
Government.  Submit the following in accordance with Section 01 33 00.01 00
SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Detail Drawings including boiler stack; G JC

SD-03 Product Data

Materials and Equipment; G JC
Spare Parts
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Heating System Tests; G C
Fuel System Tests; G C

Welding
Qualifications
Field Instructions

SD-06 Test Reports

Heating System Tests; G C
Fuel System Tests; G C

SD-07 Certificates

Energy Star

SD-10 Operation and Maintenance Data

Operation and Maintenance Instructions; G C

Submit in accordance with Section 01 78 23.01 00 OPERATION AND
MAINTENANCE DATA.

SD-11 Closeout Submittals

Energy Efficient Equipment for Boilers; G SC
Indoor Air Quality During Construction; G SC

1.3 QUALITY ASSURANCE

Submit a copy of qualified welding procedures and a list of names and
identification symbols of qualified welders and welding operators, at least
2 weeks prior to the start of welding operations.  Boilers and piping shall
be welded and brazed in accordance with qualified procedures using
performance-qualified welders and welding operators.  Procedures and
welders shall be qualified in accordance with ASME BPVC SEC IX.  Welding
procedures qualified by others, and welders and welding operators qualified
by another employer may be accepted as permitted by ASME B31.1.  Notify the
Contracting Officer 24 hours in advance of tests, and the tests shall be
performed at the work site if practical.  The welder or welding operator
shall apply the personally assigned symbol near each weld made as a
permanent record.  Structural members shall be welded in accordance with
Section 05 05 23.01 16 STRUCTURAL WELDING.

1.4 DELIVERY, STORAGE, AND HANDLING

Protect equipment delivered and placed in storage from the weather,
humidity and temperature variations, dirt and dust, and other contaminants.

1.5 EXTRA MATERIALS

Submit spare parts data for each different item of material and equipment
specified, after approval of the detail drawings and no later than 2 months
prior to the date of beneficial occupancy.  Submit Detail Drawings
consisting of equipment layout including installation details and
electrical connection diagrams; combustion and safety control diagrams;
ductwork and flue layout showing the location of supports and hangers,
typical hanger details, gauge reinforcement, reinforcement spacing rigidity
classification, and static pressure and seal classifications; and piping
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layout showing the location of guides and anchors, the load imposed on each
support or anchor (not required for radiant floor tubing), and typical
support details.  Include on the drawings any information required to
demonstrate that the system has been coordinated and will properly function
as a unit and to show equipment relationship to other parts of the work,
including clearances required for operation and maintenance.  Include in
the data a complete list of parts and supplies, with current unit prices
and source of supply, and a list of the parts recommended by the
manufacturer to be replaced after 1 and 3 years of service.

PART 2   PRODUCTS

2.1 PRODUCT SUSTAINABILITY CRITERIA

For products in this section, where applicable and to extent allowed by
performance criteria, provide and document the energy efficient equipment
for boilers.

Provide boilers meeting the efficiency requirements as stated within this
section and provide documentation in conformance with Section 01 33 29.01 00
 SUSTAINABILITY REPORTING paragraph ENERGY EFFICIENT EQUIPMENT.

2.2 MATERIALS AND EQUIPMENT

2.2.1 Standard Products

Provide materials and equipment which are the standard products of a
manufacturer regularly engaged in the manufacture of the products and that
essentially duplicate items that have been in satisfactory use for at least
2 years prior to bid opening.  Equipment shall be supported by a service
organization that is, in the opinion of the Contracting Officer, reasonably
convenient to the site.  Submit manufacturer's catalog data included with
the detail drawings for the following:

a.  Radiant floor heating system including tubing, joints, and manifold for
radiant floor heating systems.

b.  Data showing model, size, options, etc., that are intended for
consideration.  Data submitted shall be adequate to demonstrate
compliance with contract requirements.  Data shall include
manufacturer's written installation instructions and manufacturer's
recommendations for operation and maintenance clearances for the
following:

(1)  Boilers

(2)  Fuel Burning Equipment
(3)  Combustion Control Equipment

(4)  Fittings and Accessories
(5)  Fuel Oil Storage System
(6)  Water Treatment System

2.2.2 Asbestos Prohibition

Asbestos and asbestos-containing products will not be allowed.
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2.2.3 Nameplates

Secure a plate to each major component of equipment containing the
manufacturer's name, address, type or style, model or serial number, and
catalog number.  Also, display an ENERGY STAR labels as applicable.  Each
pressure vessel shall have an approved ASME stamp.

2.2.4 Equipment Guards

Belts, pulleys, chains, gears, couplings, projecting setscrews, keys, and
other rotating parts exposed to personnel contact shall be fully enclosed
or guarded in accordance with OSHA requirements.  High temperature
equipment and piping exposed to contact by personnel or where it creates a
potential fire hazard shall be properly guarded or covered with insulation
of a type specified.

2.3 BOILERS

Each boiler shall have the output capacity in British thermal units per
hour (Btuh) as indicated when fired with the specified fuels.  The boiler
shall be furnished complete with the oil  burning equipment, boiler
fittings and trim, automatic controls, forced draft fan, electrical wiring,
insulation, piping connections, and protective jacket.  The boiler shall be
completely assembled and tested at the manufacturer's plant.  Boiler
auxiliaries including fans, motors, drives, and similar equipment shall be
provided with at least 10 percent excess capacity to allow for field
variations in settings and to compensate for any unforeseen increases in
pressure losses in appurtenant piping and ductwork.  However, the boiler
safety devices shall not be sized for a 10 percent excess capacity.  The
boiler and its accessories shall be designed and installed to permit ready
accessibility for operation, maintenance, and service.  Boilers shall be
designed, constructed, and equipped in accordance with ASME BPVC SEC IV.
Each boiler shall be of the firetube type and designed for water service as
specified herein.  The boiler capacity shall be based on the ratings shown
in HYI-005 or as certified by the American Boiler Manufacturers
Association, or American Gas Association.  The equipment is critical to the
mission of the facility and must be operational immediately following the
ground shaking. The equipment shall be certified as operable immediately
following the ground shaking in accordance with the provisions of ASCE 7-10
Section 13.2.2 as modified by UFC.

2.3.1 Firetube Boiler

Boiler shall be self-contained, multipass, packaged type, complete with all
accessories, mounted on a structural steel base.  When the boilers are
operating at maximum output, the heat input rates shall not be greater than
6,700 Btuh per square ft of fireside heating surface.

2.3.2 Water Tube Boiler

The boiler shall be a bent or flexible type of water tube boiler. Boiler
shall be self-contained, packaged type, complete with all accessories,
mounted on a structural steel base. The boiler heating surface area for
bent or flexible tube boilers shall be at least 4 square feet/boiler horse
power. The heat input rate for finned tube hot water generator shall not be
greater than 12,000 Btuh based on internal heating area. Bent or flexible
tube boilers shall be provided with single or multiple down comers for
circulation without the need for exterior pumping. The tubes for bent or
flexible tube boilers shall be designed for replacement without requiring
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welding or rolling of tubes. Any special tools required for bent or
flexible tube removal or installation shall be provided with the boiler.
Boiler shall be rated to operate for 50% propylene glycol.

2.3.3 Modular Configuration

 Modular boilers shall have the capability of independent operation.  Upon
failure of any module, the remaining modules shall be capable of operating
at their designed capacity.  The size of the individual modules shall be as
indicated.

2.3.4 Hot Water Heating Boilers

The hot water heating boiler shall be capable of operating at the specified
maximum continuous capacity without damage or deterioration to the boiler,
its setting, firing equipment, or auxiliaries.  The rated capacity shall be
the capacity at which the boiler will operate continuously while
maintaining at least the specified minimum efficiency.

k.Oil fired boilers with a capacity of greater than or equal to 300,000 Btuh
 and less than or equal to 2,500,000 Btuh must have a thermal
efficiency of at least 82 percent when fired at the maximum and minimum
ratings allowed by the controls.  Oil fired boilers with a capacity of
greater than 2,500,000 Btuh must have a combustion efficiency of at
least 84 percent when fired at the maximum and minimum ratings allowed
by the controls.

2.4 FUEL BURNING EQUIPMENT

Boiler shall be designed to burn oil. Each boiler shall comply with
Federal, state, and local emission regulations.

2.4.1 Burners

2.4.1.1 Oil-Fired Burners and Controls

Oil-fired burners and controls for oil-fired units firing No. Arctic Diesel
No. 1 oil shall be atomizing, forced-draft type in conformance with UL 726.
Oil-fired units less than 12,500,000 Btuh input shall conform to ASME CSD-1.
The burner shall have full modulating firing.

2.4.2 Draft Fans

Fans conforming to AMCA 801 forced-draft and induced-draft shall be
furnished as an integral part of boiler design.  Fans shall be centrifugal
with backward-curved blades or axial flow type.  Each fan shall be sized
for output volume and static pressure rating sufficient for pressure
losses, excess air requirements at the burner, leakages, temperature, and
elevation corrections for worst ambient conditions, all at full combustion
to meet net-rated output at normal firing conditions, plus an overall
excess air volume of 10 percent against a 20 percent static overpressure.
Noise levels for fans shall not exceed 85 decibels in any octave band at a
3 foot station.  Forced draft fan bearings shall be air cooled.
Induced-draft fans shall be designed for handling hot flue gas at the
maximum outlet temperature but not less than 575 deg. F in the boiler.
Induced draft fan housings shall be provided with drain holes to
accommodate the drainage of condensation.  Induced draft fan bearings shall
be air-cooled.  Induced draft fan scroll sheets and rotor blades shall have
protective liners.

SECTION 23 52 00.01 00  Page 6
READY TO ADVERTISE



AM#7 READY TO ADVERTISE CLR039a
LRDR Construction Package #1 - Clear AFS, Alaska

2.4.2.1 Draft Fan Control

Forced-draft centrifugal fans shall have inlet vane controls or shall have
variable speed control where indicated.  Inlet vanes shall be suitable for
use with combustion control equipment.  Induced-draft centrifugal fans
shall be stack mounted for each boiler shall have outlet dampers and shall
have variable speed control.  Axial propeller fans shall have variable
propeller pitch control.

2.4.2.2 Draft Fan Drives

Fans shall be driven by premium efficiency inverter duty motor electric
motors.  Electric motor shall be totally enclosed fan cooled.  Motor
starter shall be magnetic across-the-line or reduced voltage start type
with general purpose  enclosure and shall be furnished with four auxiliary
interlock contacts.

2.5 COMBUSTION CONTROL EQUIPMENT

Combustion control equipment shall be provided as a system by a single
manufacturer.  Field installed automatic combustion control system shall be
installed in accordance with the manufacturer's recommendations and under
the direct supervision of a representative of the control manufacturer. The
boiler water temperature shall be controlled by a water temperature
controller.  The equipment shall operate electronically.  On multiple
boiler installations, each boiler unit shall have a completely independent
system of controls responding to the load and to a plant master
controller.  If recording instruments are provided, a 1 year supply of ink
and 400 blank charts for each recorder shall be furnished.

2.5.1 Combustion Air and Flue  Controller

1.   The modulating fan controller shall be a true PID-based control with
infinitely variable speed settings and in a NEMA 1 rated enclosure. It
shall interfere with the operation of the heating appliances by preventing
burner operation during emergencies where a mechanical or electrical
problem occurs.

2.   The controller shall be part of the compliance with UL378, Standard
for Draft Equipment and UL508, Standard for Industrial Controls which shall
include:

a)   Self-check that detects connections, setting requirements and
accessories during each start-up.

b)   Programmable microprocessor for selective programming of, but not
limited to, draft, intermittent vs. continuous fan operation, purge
times, sensor sensitivity, alarm limits and delays, manual overrides,
low/high limit fan speeds via the operating panel.

c)   A system shall interlocks minimum of 5 boilers, 5 flue exhaust
fans and two supply fans.

d)   An integrated and programmable proven draft function that can be
set for automatic and manual reset.

e)   An integrated Operating Priority option, which allows one or more
appliances to operate during electrical or mechanical failure of the

SECTION 23 52 00.01 00  Page 7
READY TO ADVERTISE



AM#7 READY TO ADVERTISE CLR039a
LRDR Construction Package #1 - Clear AFS, Alaska

fan, provided the draft requirement can be met and safe operation
assured. Set up of a default Operating Priority must be possible, so
the most important appliance(s) have highest priority during calls for
heat. It must automatically check for fan operation every two hours and
go back to normal operation if appropriate.

f)   Bearing cycle activation every 7 days if the supply fan has not
been operating during the past 7 day period.

g)   A normally open (NO) contact is available within the control to
activate a visual or audible alarm (by others), or to interlock with a
Building Management System.

h)   An alarm function that will display the fault code on the LED
display and signal an audible alarm (by others). The control shall log
the last 10 fault codes.

i)   Adjustable pre-purge, so the control will allow the supply fan to
prime the mechanical room prior to appliance startup.

j)   Adjustable post-purge, so the control will allow the supply fan to
operate for up to 3 minutes after the burner has shut down.

k)   The pressure sensor shall be certified for use with oil-fired
appliances and shall include a flue probe along with tubing for
installation in the stack. The pressure drift shall be less than +/-
0.3% full scale, the offset longtime drift (1 year) shall not exceed
+/- 0.0015 inWC (0.35Pa) and the sensor response time shall be less
than 0.25 seconds.

l)   The Modulating Combustion Air System will ensure that the pressure
set-point (in. W.C.) is reached and maintained within 20 seconds of
burner light-off.

m)   Ramp-up and ramp-down time of the fan will be no more than 20
seconds.

n)   The Modulating Combustion Air System will maintain the pressure to
within +/- 0.01" W.C. of the pressure set-point (in. W.C.) in the
supply air system.

o)   The control will shut down the appliance(s) within 15 seconds if
pressure is not maintained as stated above.

2.5.2 Electrical controls

Electrical control devices shall be rated at 24 volts and shall be
connected as specified in Section 26 20 00.01 00 INTERIOR DISTRIBUTION
SYSTEM.

2.5.3 Water Temperature Controller

The controller shall be of sturdy construction and shall be protected
against dust and dampness.  The thermostatic element shall be inserted in a
separable socket installed in the upper part of the boiler near the water
outlet.Modulating controllers shall control the fuel burning equipment to
maintain set boiler water temperature within 2 percent. Controller shall be
furnished with necessary equipment to automatically adjust the setting to
suit the outside weather conditions.  The outside air reset controller
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shall be operated in such a manner that the operating temperatures required
by the boiler manufacturer are not compromised.

2.5.4 Boiler Plant Master Controller AM#7...(in-lieu of BMS controls)...AM#7

Two independent (dual redundant) Boiler Plant Master Controller shall be
provided.  The boiler plant master controller, sensitive to a temperature
transmitter in the return water header for the boiler shall be furnished to
provide anticipatory signals to all boiler controllers.  Boiler controllers
shall react to anticipatory signals from the plant master controller as
necessary in response to the boiler temperature indication to maintain the
preset temperature.  An automatic-manual switch shall be provided to allow
the sequence of boiler loading to be varied to distribute equal firing time
on all boilers in the plant.  The plant master controller shall load the
boilers one at a time as the plant load increases.

2.5.5 Boiler Combustion Controls and Positioners
a.  Oil fired boiler units shall be provided with modulating combustion

controls with spark ignited No. 2 oil pilot.  Modulating controls shall
be provided with a means for manually controlling the firing rate.

b.  Modulating control function shall be accomplished using positioning
type controls.  Air flow ratio and fuel control valve shall be
controlled by relative positions of operative levers on a jackshaft
responding to a water temperature controller.  Positioning type
combustion control equipment shall include draft controls with
synchronized fuel feed and combustion air supply controls, while and
shall maintain the proper air/fuel ratio.  The desired furnace draft
shall be maintained within 0.01 inch of water column.

2.5.6 Combustion Safety Controls and Equipment

Combustion safety controls and equipment shall be UL listed,
microprocessor-based distributed process controller.  The system shall
include mounting hardware, wiring and cables, and associated equipment.
The controller shall be mounted completely wired, programmed, debugged, and
tested to perform all of its functions.  The controller shall process the
signals for complete control and monitoring of the boiler.  This shall
include maintaining boiler status, starting and stopping all control
functions, sequencing control functions and signaling alarm conditions.
The program shall be documented and include cross references in description
of coils and contacts.  Microprocessor shall be able to perform self
diagnostics and contain a message center to provide operator with status
and failure mode information.  Controllers for each boiler shall be mounted
on a separate, free standing panel adjacent to the boiler or for packaged
boilers on the boiler supporting structure.  Control systems and safety
devices for automatically fired boilers shall conform to ASME CSD-1.
Electrical combustion and safety controls shall be rated at 120 volts,
single phase, 60 Hz and shall be connected as specified in Section
26 20 00.01 00 INTERIOR DISTRIBUTION SYSTEM.  A 4 inch diameter alarm bell
shall be provided and shall be located where indicated or directed.  The
alarm bell shall ring when the boiler is shut down by any safety control or
interlock.  Indicating lights shall be provided on the control panel.  A
red light shall indicate flame failure, and a green light shall indicate
that the main fuel valve is open.  The following shutdown conditions shall
require a manual reset before the boiler can automatically recycle:

a.  Flame failure.
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b.  Failure to establish pilot flame.

c.  Failure to establish main flame.

d.  Low-water cutoff.

e.  High temperature cutoff.

2.5.6.1 Low-water Cutoff

Low water cutoff shall be float actuated switch or electrically actuated
probe type low-water cutoff.  Float chamber shall be provided with a
blow-down connection.  Cutoff shall cause a safety shutdown and sound an
alarm when the boiler water level drops below a safe minimum level.  A
safety shutdown due to low water shall require manual reset before
operation can be resumed and shall prevent recycling of the burner.  The
cutoff shall be in strict accordance to ASME CSD-1.

2.5.6.2 Water Flow Interlock

Hot water boiler limit controls shall be provided to include protection for
low boiler water flow and high boiler water temperature.  The limit
controls shall be interlocked with the combustion control system to effect
boiler alarm and shutdown.  The controls shall not allow boiler startup
unless hot water flow is proven.

2.6 PUMPS

Refer to specification Section 23 64 26.01 00 CHILLED, HOT AND CONDENSER
WATER PIPING SYSTEMS.

2.7 RADIATORS

Radiators, convectors and associated equipment shall be in accordance with
Section Section 23 21 13.01 20 LOW TEMPERATURE WATER HEATING SYSTEM.

2.8 UNIT HEATERS

Refer to specification Section 23 82 00.01 20 TERMINAL HEATING AND COOLING
UNITS

2.9 HEATING AND VENTILATING UNITS

Heating and ventilating units and associated equipment shall be in
accordance with Section 23 00 00.01 00 AIR SUPPLY, DISTRIBUTION,
VENTILATION, AND EXHAUST SYSTEM.

2.10 FITTINGS AND ACCESSORIES

Boiler fittings and accessories shall be installed with each boiler in
accordance with ASME BPVC SEC IV, unless otherwise specified.

2.10.1 Conventional Breeching and Stacks

2.10.1.1 Stacks

Prefabricated double wall stacks system shall extend above the roof to the
height indicated.    The inner stack shall be 316 stainless steel having a
thickness of not less than 0.035 inch.  The outer stack shall be sheet
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steel having a thickness of not less than 0.025 inch.  Minimum 2-in.
interstitial insulation shall be provided.  A method of maintaining
concentricity between the inner and outer stacks shall be incorporated.
The joints between the stack sections shall be sealed to prevent flue gas
leakage.  A 0.3125 inch diameter hole shall be provided in the stack not
greater than 6 inches from the furnace flue outlet for sampling of the exit
gases.  A method shall be provided to seal the hole to prevent exhaust
gases from entering the boiler room when samples are not being taken.  Each
stack shall be provided complete with rain hood.  Plastic materials
polyetherimide (PEI) and polyethersulfone (PES) are forbidden to be used
for vent piping of combustion gases.  Stack material shall be suitable for
oil fired boiler.  Stack penetration through attic floor and roof shall be
custom designed to limit the heat transmission.

2.10.2 Steel Sheets

2.10.2.1 Galvanized Steel

Galvanized steel shall be ASTM A653/A653M.

2.10.2.2 Uncoated Steel

Uncoated steel shall be composition, condition, and finish best suited to
the intended use.

2.10.3 Gaskets

Gaskets shall be nonasbestos material in accordance with ASME B16.20, full
face or self-centering type.  The gaskets shall be of the spiral wound type
with graphite filler material.

2.10.4 Steel Pipe and Fittings

Refer to Section 23 64 26.01 00 CHILLED, HOT AND CONDENSER WATER PIPING
SYSTEMS

2.10.5 Pipe Supports

Pipe supports shall conform to MSS SP-58.

2.10.6 Valves

Refer to spec Section 23 05 15.01 00 COMMON PIPING FOR HVAC.

2.10.6.1 Safety Valves

Safety valves shall have steel bodies and shall be equipped with
corrosion-resistant trim and valve seats.  The valves shall be properly
guided and shall be positive closing so that no leakage can occur.
Adjustment of the desired back-pressure shall cover the range between 2 and
10 psig.  The adjustment shall be made externally, and any shafts extending
through the valve body shall be provided with adjustable stuffing boxes
having renewable packing.  Boiler safety valves of proper size and of the
required number, in accordance with ASME BPVC SEC IV, shall be installed so
that the discharge will be through piping extended to a location as
indicated.    Each discharge pipe for hot water service shall be pitched
away from the valve seat.
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2.10.7 Strainers

Basket and "Y" type strainers shall be the same size as the pipelines in
which they are installed.  The strainer bodies shall be heavy and durable,
fabricated of cast iron, and shall have bottoms drilled and tapped with a
gate valve attached for blowdown purposes.  Strainers shall be designed for
300 psig service and 600 degrees F.  The bodies shall have arrows clearly
cast on the sides indicating the direction of flow.  Each strainer shall be
equipped with an easily removable cover and sediment screen.  The screen
shall be made of 22 gauge thick brass sheet or corrosion-resistant steel
with small perforations numbering not less than 400/square inch to provide
a net free area through the basket of at least 3.30 times that of the
entering pipe.  The flow shall be into the screen and out through the
perforations.

2.10.8 Pressure Gauges

Gauges shall conform to ASME B40.100 and shall be provided with throttling
type needle valve or a pulsation dampener and shutoff valve.  Minimum dial
size shall be 3-1/2 inches.  A pressure gauge shall be provided for each
boiler in a visible location on the boiler.  Pressure gauges shall be
provided with readings in psi.  Pressure gauges shall have an indicating
pressure range that is related to the operating pressure of the fluid in
accordance with the following table:

Operating Pressure (psi) Pressure Range (psi)

76-150 0-200

16-75 0-100

2-15 0-30 (retard)

2.10.9 Thermometers

Thermometers shall be provided with wells and separable corrosion-resistant
steel sockets.  Mercury shall not be used in thermometers.  Thermometers
for inlet water and outlet water for each hot water boiler shall be
provided in a visible location on the boiler.  Thermometers shall have
brass, malleable iron, or aluminum alloy case and frame, clear protective
face, permanently stabilized glass tube with indicating-fluid column, white
face, black numbers, and a minimum 9 inch scale.  The operating range of
the thermometers shall be 32-212 degrees F.  The thermometers shall be
provided with readings in degrees F.

2.10.10 Air Vents

2.10.10.1 Manual Air Vents

Manual air vents shall be brass or bronze valves or cocks suitable for the
pressure rating of the piping system and furnished with threaded plugs or
caps.

2.10.10.2 Automatic Air Vents

Automatic air vents shall be 3/4 inch quick-venting float and vacuum air
valves.  Each air vent valve shall have a large port permitting the
expulsion of the air without developing excessive back pressure, a
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noncollapsible metal float which will close the valve and prevent the loss
of water from the system, an air seal that will effectively close and
prevent the re-entry of air into the system when subatmospheric pressures
prevail therein, and a thermostatic member that will close the port against
the passage of steam from the system.  The name of the manufacturer shall
be clearly stamped on the outside of each valve.  The air vent valve shall
be suitable for the pressure rating of the piping system.

2.11 ELECTRICAL EQUIPMENT

Electric motor-driven equipment shall be provided complete with motors,
motor starters, and necessary control devices.  Electrical equipment, motor
control devices, motor efficiencies and wiring shall be as specified in
Section 26 20 00.01 00 INTERIOR DISTRIBUTION SYSTEM.  Motors which are not
an integral part of a packaged boiler and which are integral in size shall
be the premium efficiency type in accordance with NEMA MG 1.  Motors which
are an integral part of the packaged boiler shall be the highest efficiency
available by the manufacturer of the packaged boiler.  Motor starters shall
be provided complete with properly sized thermal overload protections and
other appurtenances necessary for the motor control specified.  Starters
shall be furnished in general purpose enclosures.  Manual or automatic
control and protective or signal devices required for the operation
specified and any control wiring required for controls and devices but not
shown shall be provided.

2.11.1 Motor Ratings

Motors shall be suitable for the voltage and frequency provided.  Motors
1/2 hp and larger shall be three-phase, unless otherwise indicated.  Motors
shall be of sufficient capacity to drive the equipment at the specified
capacity without exceeding the nameplate rating on the motor.

2.11.2 Motor Controls

Motor controllers shall be provided complete with properly sized thermal
overload protection.  Manual or automatic control and protective or signal
devices required for the operation specified and any wiring required to
such devices shall be provided.  Where two-speed or variable-speed motors
are indicated, solid-state variable-speed controllers may be provided to
accomplish the same function.  Solid state variable speed controllers shall
be utilized for fractional through 10 hp ratings.  Adjustable frequency
drives shall be used for larger motors.

2.12 INSULATION

Shop and field-applied insulation shall be as specified in Section
23 07 00.01 00 THERMAL INSULATION FOR MECHANICAL SYSTEMS.

2.13 TOOLS

Special tools shall be furnished.  Special tools shall include uncommon
tools necessary for the operation and maintenance of boilers, burners,
pumps, fans, controls, meters, special piping systems, and other
equipment.  Small hand tools shall be furnished within a suitable cabinet,
mounted where directed.

2.13.1 Tube Cleaner

If a watertube boiler is being furnished, a water-driven tube cleaner with
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three rotary cutters and rotary wire brush complete with the necessary
length of armored water hose, valves, and other appurtenances necessary for
operation shall be provided.  Tube cleaner and rotary brush shall be
provided for each size of water tube in the boiler, with one extra set of
cutters for each size cleaner.  Necessary valves and fittings shall be
provided to permit ready connection of the cleaner hose to a high-pressure
pump for cold water supply to operate the cleaner.

2.13.2 Tube Brush

If a firetube boiler is being furnished, a tube brush, with steel bristles
and jointed handle of sufficient length to clean full length of firetubes,
shall be provided.

2.13.3 Wrenches

Wrenches shall be provided as required for specialty fittings such as
manholes, handholes, and cleanouts.  One set of extra gaskets shall be
provided for all manholes and handholes, for pump barrels, and other
similar items of equipment.  Gaskets shall be packaged and properly
identified.

2.14 FUEL OIL STORAGE SYSTEM

The fuel oil storage system shall be as specified in Section 33 56 10.01 00
FACTORY-FABRICATED FUEL STORAGE TANKS unless noted otherwise.

PART 3   EXECUTION

3.1 CONSTRUCTION-RELATED SUSTAINABILITY CRITERIA

Perform and document the indoor air quality during construction.  Provide
documentation showing that after construction ends, and prior to occupancy,
new filters were installed in conformance with Section 01 33 29.01 00
SUSTAINABILITY REPORTING, paragraph INDOOR AIR QUALITY DURING CONSTRUCTION.

3.2 EXAMINATION

After becoming familiar with details of the work, verify dimensions in the
field, and advise the Contracting Officer of any discrepancy before
performing any work or ordering any materials.

3.3 ERECTION OF BOILER AND AUXILIARY EQUIPMENT

Boiler and auxiliary equipment shall be installed in accordance with
manufacturer's written instructions.  Proper provision shall be made for
expansion and contraction between boiler foundation and floor.  This joint
shall be packed with suitable nonasbestos rope and filled with suitable
compound that will not become soft at a temperature of 100 degrees F.
Boilers and firing equipment shall be supported from the foundations by
structural steel completely independent of all brickwork. Boiler supports
shall permit free expansion and contraction of each portion of the boiler
without placing undue stress on any part of the boiler or setting.  Boiler
breeching shall be as indicated with full provision for expansion and
contraction between all interconnected components.

3.4 PIPING INSTALLATION

Unless otherwise specified, nonboiler external pipe and fittings shall
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conform to the requirements of ASME B31.1.  Pipe installed shall be cut
accurately to suit field conditions, shall be installed without springing
or forcing, and shall properly clear windows, doors, and other openings.
Cutting or other weakening of the building structure to facilitate piping
installation will not be permitted.  Pipes shall be free of burrs, oil,
grease and other foreign material and shall be installed to permit free
expansion and contraction without damaging the building structure, pipe,
pipe joints, or pipe supports.  Changes in direction shall be made with
fittings, except that bending of pipe 4 inches and smaller will be
permitted provided a pipe bender is used and wide sweep bends are formed.
The centerline radius of bends shall not be less than 6 diameters of the
pipe.  Bent pipe showing kinks, wrinkles, flattening, or other
malformations will not be accepted.  Vent pipes shall be carried through
the roof as directed and shall be properly flashed.  Unless otherwise
indicated, horizontal supply mains shall pitch down in the direction of
flow with a grade of not less than 1 inch in 40 feet.  Open ends of
pipelines and equipment shall be properly capped or plugged during
installation to keep dirt or other foreign materials out of the systems.
Pipe not otherwise specified shall be uncoated.  Unless otherwise specified
or shown, final connections to equipment shall be made with malleable-iron
unions for steel pipe 2-1/2 inches or less in diameter and with flanges for
pipe 3 inches or more in diameter.  Unions for copper pipe or tubing shall
be brass or bronze.  Reducing fittings shall be used for changes in pipe
sizes.  In horizontal hot water lines, reducing fittings shall be eccentric
type to maintain the top of the lines at the same level to prevent air
binding.

3.4.1 Hot Water Piping and Fittings

Pipe shall be black steel or copper tubing.  Fittings for steel piping
shall be black malleable iron or cast iron to suit piping.  Fittings
adjacent to valves shall suit valve material.  Grooved mechanical fittings
will not be allowed for water temperatures above 230 degrees F.

3.4.2 Vent Piping and Fittings

Vent piping shall be black steel.  Fittings shall be black malleable iron
or cast iron to suit piping.

3.4.3 Gauge Piping

Piping shall be copper tubing.

3.4.4 Joints

Joints between sections of steel pipe and between steel pipe and fittings
shall be threaded, grooved, flanged or welded as indicated or specified.
Except as otherwise specified, fittings 1 inch and smaller shall be
threaded; fittings 1-1/4 inches and up to but not including 3 inches shall
be either threaded, grooved, or welded; and fittings 3 inches and larger
shall be either flanged, grooved, or welded.  Pipe and fittings 1-1/4 inches
 and larger installed in inaccessible conduit or trenches beneath concrete
floor slabs shall be welded.  Connections to equipment shall be made with
black malleable-iron unions for pipe 2-1/2 inches or smaller in diameter
and with flanges for pipe 3 inchesor larger in diameter.  Joints between
sections of copper tubing or pipe shall be flared, soldered, or brazed.
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3.4.4.1 Threaded Joints

Threaded joints shall be made with tapered threads properly cut and shall
be made perfectly tight with a stiff mixture of graphite and oil or with
polytetrafluoroethylene tape applied to the male threads only and in no
case to the fittings.

3.4.4.2 Welded Joints

Welded joints shall be in accordance with paragraph GENERAL REQUIREMENTS
unless otherwise specified.  Changes in direction of piping shall be made
with welding fittings only; mitering or notching pipe to form elbows and
tees or other similar type construction will not be permitted.  Branch
connections may be made with either welding tees or forged branch outlet
fittings, either being acceptable without size limitation.  Branch outlet
fittings, where used, shall be forged, flared for improved flow
characteristics where attached to the run, reinforced against external
strains, and designed to withstand full pipe bursting strength.  Socket
weld joints shall be assembled so that the space between the end of the
pipe and the bottom of the socket is no less than 1/16 inch and no more than
 1/8 inch.

3.4.4.3 Flared and Brazed Copper Pipe and Tubing

Tubing shall be cut square, and burrs shall be removed.  Both inside of
fittings and outside of tubing shall be cleaned thoroughly with sand cloth
or steel wire brush before brazing.  Annealing of fittings and hard-drawn
tubing shall not occur when making connections.  Installation shall be made
in accordance with the manufacturer's recommendations.  Mitering of joints
for elbows and notching of straight runs of pipe for tees will not be
permitted.  Brazed joints shall be made in conformance with AWS B2.2/B2.2M
and CDA A4015 with flux.  Copper-to-copper joints shall include the use of
copper-phosphorous or copper-phosphorous-silver brazing metal without
flux.  Brazing of dissimilar metals (copper to bronze or brass) shall
include the use of flux with either a copper-phosphorous,
copper-phosphorous-silver or a silver brazing filler metal.  Joints for
flared fittings shall be of the compression pattern.  Swing joints or
offsets shall be provided in all branch connections, mains, and risers to
provide for expansion and contraction forces without undue stress to the
fittings or to short lengths of pipe or tubing.  Flared or brazed copper
tubing to pipe adapters shall be provided where necessary for joining
threaded pipe to copper tubing.

3.4.4.4 Soldered Joints

Soldered joints shall be made with flux and are only acceptable for lines 2
inches and smaller.  Soldered joints shall conform to ASME B31.5 and
CDA A4015.

3.4.4.5 Copper Tube Extracted Joint

An extruded mechanical tee joint may be made in copper tube.  Joint shall
be produced with an appropriate tool by drilling a pilot hole and drawing
out the tube surface to form a collar having a minimum height of three
times the thickness of the tube wall.  To prevent the branch tube from
being inserted beyond the depth of the extracted joint, dimpled depth stops
shall be provided.  The branch tube shall be notched for proper penetration
into fitting to assure a free flow joint.  Extracted joints shall be brazed
using a copper phosphorous classification brazing filler metal.  Soldered
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joints will not be permitted.

3.4.5 Flanges and Unions

Flanges shall be faced true, provided with 1/16 inch thick gaskets, and
made square and tight.  Where steel flanges mate with cast-iron flanged
fittings, valves, or equipment, they shall be provided with flat faces and
full face gaskets.  Union or flange joints shall be provided in each line
immediately preceding the connection to each piece of equipment or material
requiring maintenance such as coils, pumps, control valves, and other
similar items.  Dielectric pipe unions shall be provided between ferrous
and nonferrous piping to prevent galvanic corrosion.  The dielectric unions
shall have metal connections on both ends.  The ends shall be threaded,
flanged, or brazed to match adjacent piping.  The metal parts of the union
shall be separated so that the electrical current is below 1 percent of the
galvanic current which would exist upon metal-to-metal contact.  Gaskets,
flanges, and unions shall be installed in accordance with manufacturer's
recommendations.

3.4.6 Branch Connections

3.4.6.1 Branch Connections for Hot Water Systems

Branches from the main shall pitch up or down as shown to prevent air
entrapment.  Connections shall ensure unrestricted circulation, eliminate
air pockets, and permit complete drainage of the system.  Branches shall
pitch with a grade of not less than 1 inch in 10 feet.  When indicated,
special flow fittings shall be installed on the mains to bypass portions of
the water through each radiator.  Special flow fittings shall be standard
catalog products and shall be installed as recommended by the manufacturer.

3.4.7 Flared, Brazed, and Soldered Copper Pipe and Tubing

Copper tubing shall be flared, brazed, or soldered.  Tubing shall be cut
square, and burrs shall be removed.  Both inside of fittings and outside of
tubing shall be cleaned thoroughly with sand cloth or steel wire brush
before brazing.  Annealing of fittings and hard-drawn tubing shall not
occur when making connections.  Installation shall be made in accordance
with the manufacturer's recommendations.  Mitering of joints for elbows and
notching of straight runs of pipe for tees will not be permitted.  Joints
for flared fittings shall be of the compression pattern.  Swing joints or
offsets shall be provided on branch connections, mains, and risers to
provide for expansion and contraction forces without undue stress to the
fittings or to short lengths of pipe or tubing.  Pipe adapters shall be
provided where necessary for joining threaded pipe to copper tubing.
Brazed joints shall be made in conformance with CDA A4015.
Copper-to-copper joints shall include the use of copper-phosphorous or
copper-phosphorous-silver brazing metal without flux.  Brazing of
dissimilar metals (copper to bronze or brass) shall include the use of flux
with either a copper-phosphorous, copper-phosphorous-silver, or a silver
brazing filler metal.  Soldered joints shall be made with flux and are only
acceptable for lines 2 inches or smaller.  Soldered joints shall conform to
ASME B31.5 and shall be in accordance with CDA A4015.

3.4.8 Copper Tube Extracted Joint

An extracted mechanical tee joint may be made in copper tube.  Joint shall
be produced with an appropriate tool by drilling a pilot hole and drawing
out the tube surface to form a collar having a minimum height of three
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times the thickness of the tube wall.  To prevent the branch tube from
being inserted beyond the depth of the extracted joint, dimpled depth stops
shall be provided.  The branch tube shall be notched for proper penetration
into fitting to assure a free flow joint.  Extracted joints shall be brazed
using a copper phosphorous classification brazing filler metal.  Soldered
joints will not be permitted.

3.4.9 Supports

Hangers used to support piping 2 inches and larger shall be fabricated to
permit adequate adjustment after erection while still supporting the load.
Pipe guides and anchors shall be installed to keep pipes in accurate
alignment, to direct the expansion movement, and to prevent buckling,
swaying, and undue strain.  Piping subjected to vertical movement when
operating temperatures exceed ambient temperatures shall be supported by
variable spring hangers and supports or by constant support hangers.
Threaded rods which are used for support shall not be formed or bent.
Supports shall not be attached to the underside of concrete filled floors
or concrete roof decks unless approved by the Contracting Officer.

3.4.9.1 Seismic Requirements for Supports and Structural Bracing

Piping and attached valves shall be supported and braced to resist seismic
loads as specified in Sections 13 48 00.01 00 SEISMIC PROTECTION FOR
MISCELLANEOUS EQUIPMENT  and 13 48 00.01 00.01 10 SEISMIC PROTECTION FOR
MECHANICAL EQUIPMENT.  Structural steel required for reinforcement to
properly support piping, headers, and equipment, but not shown, shall be
provided in this section.  Material used for supports shall be as specified
in Section 05 12 00.01 00 STRUCTURAL STEEL.

3.4.9.2 Pipe Hangers, Inserts, and Supports

Pipe hangers, inserts, and supports shall conform to MSS SP-58, except as
modified herein.

3.4.9.2.1 Types 5, 12, and 26

Use of Types 5, 12, and 26 is prohibited.

3.4.9.2.2 Type 3

Type 3 shall not be used on insulated pipe which has a vapor barrier.  Type
3 may be used on insulated pipe that does not have a vapor barrier if
clamped directly to the pipe, if the clamp bottom does not extend through
the insulation, and if the top clamp attachment does not contact the
insulation during pipe movement.

3.4.9.2.3 Type 18

Type 18 inserts shall be secured to concrete forms before concrete is
placed.  Continuous inserts which allow more adjustment may be used if they
otherwise meet the requirements for Type 18 inserts.

3.4.9.2.4 Type 19 and 23 C-Clamps

Torque Type 19 and 23 C-clamps in accordance with MSS SP-69 and have both
locknuts and retaining devices furnished by the manufacturer.  Field
fabricated C-clamp bodies or retaining devices are not acceptable.
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3.4.9.2.5 Type 20 Attachments

Type 20 attachments used on angles and channels shall be furnished with an
added malleable-iron heel plate or adapter.

3.4.9.2.6 Type 24

Type 24 may be used only on trapeze hanger systems or on fabricated frames.

3.4.9.2.7 Horizontal Pipe Supports

Horizontal pipe supports shall be spaced as specified in MSS SP-69 and a
support shall be installed not over 1 foot from the pipe fitting joint at
each change in direction of the piping.  Pipe supports shall be spaced not
over 5 feet apart at valves.

3.4.9.2.8 Vertical Pipe Support

Vertical pipe shall be supported at each floor, except at slab-on-grade,
and at intervals of not more than 15 feet, not more than 8 feet from end of
risers, and at vent terminations.

3.4.9.2.9 Type 35 Guides

Type 35 guides using steel, reinforced polytetrafluoroethylene (PTFE) or
graphite slides shall be provided where required to allow longitudinal pipe
movement.  Lateral restraints shall be provided as required.  Slide
materials shall be suitable for the system operating temperatures,
atmospheric conditions, and bearing loads encountered.

a.  Where steel slides do not require provisions for restraint of lateral
movement, an alternate guide method may be used.  On piping 4 inches
and larger, a Type 39 saddle may be welded to the pipe and freely
rested on a steel plate.  On piping under 4 inches, a Type 40
protection shield may be attached to the pipe or insulation and freely
rested on a steel slide plate.

b.  Where there are high system temperatures and welding to piping is not
desirable, the Type 35 guide shall include a pipe cradle welded to the
guide structure and strapped securely to the pipe.  The pipe shall be
separated from the slide material by at least 4 inches or by an amount
adequate for the insulation, whichever is greater.

3.4.9.2.10 Horizontal Insulated Pipe

Except for Type 3, pipe hangers on horizontal insulated pipe shall be the
size of the outside diameter of the insulation.

3.4.9.2.11 Piping in Trenches

Support piping in trenches as indicated.

3.4.9.2.12 Structural Steel Attachments

Structural steel attachments and brackets required to support piping,
headers, and equipment, but not shown, shall be provided under this
section.  Material and installation shall be as specified under Section
05 12 00.01 00 STRUCTURAL STEEL.  Pipe hanger loads suspended from steel
joist between panel points shall not exceed 50 pounds.  Loads exceeding 50
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pounds shall be suspended from panel points.

3.4.9.3 Multiple Pipe Runs

In the support of multiple pipe runs on a common base member, a clip or
clamp shall be used where each pipe crosses the base support member.
Spacing of the base support member shall not exceed the hanger and support
spacing required for any individual pipe in the multiple pipe run.  The
clips or clamps shall be rigidly attached to the common base member.  A
clearance of 1/8 inch shall be provided between the pipe insulation and the
clip or clamp for piping which may be subjected to thermal expansion.

3.4.10 Anchors

Anchors shall be provided where necessary to localize expansion or to
prevent undue strain on piping.  Anchors shall consist of heavy steel
collars with lugs and bolts for clamping and attaching anchor braces,
unless otherwise indicated.  Anchor braces shall be installed in the most
effective manner to secure the desired results, using turnbuckles where
required.  Supports, anchors, or stays shall not be attached where they
will injure the structure or adjacent construction during installation or
by the weight of expansion of the pipeline.

3.4.11 Valves

Valves shall be installed where indicated, specified, and required for
functioning and servicing of the systems.  Valves shall be safely
accessible.  Swing check valves shall be installed upright in horizontal
lines and in vertical lines only when flow is in the upward direction.
Gate and globe valves shall be installed with stems horizontal or above.
Valves to be brazed shall be disassembled prior to brazing and all packing
removed.  After brazing, the valves shall be allowed to cool before
reassembling.

3.4.12 Pipe Sleeves

Pipe passing through concrete or masonry walls or concrete floors or roofs
shall be provided with pipe sleeves fitted into place at the time of
construction.  A waterproofing clamping flange shall be installed as
indicated where membranes are involved.  Sleeves shall not be installed in
structural members except where indicated or approved.  Rectangular and
square openings shall be as detailed.  Each sleeve shall extend through its
respective wall, floor, or roof.  Sleeves through walls shall be cut flush
with wall surface.  Sleeves through floors shall be cut flush with floor
surface.  Sleeves through roofs shall extend above the top surface of roof
at least 6 inches for proper flashing or finishing.  Unless otherwise
indicated, sleeves shall be sized to provide a minimum clearance of 1/4 inch
 between bare pipe and sleeves or between jacket over insulation and
sleeves.  Sleeves in waterproofing membrane floors, bearing walls, and wet
areas shall be galvanized steel pipe or cast-iron pipe.  Sleeves in
nonbearing walls, floors, or ceilings may be galvanized steel pipe,
cast-iron pipe, or galvanized sheet metal with lock-type longitudinal
seam.  Except in pipe chases or interior walls, the annular space between
pipe and sleeve or between jacket over insulation and sleeve in nonfire
rated walls shall be sealed as indicated and specified in Section
07 92 00.01 00 JOINT SEALANTS.  Metal jackets shall be provided over
insulation passing through exterior walls, firewalls, fire partitions,
floors, or roofs.
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a.  Metal jackets shall not be thinner than 0.006 inch thick aluminum, if
corrugated, and 0.016 inch thick aluminum, if smooth.

b.  Secure metal jackets with aluminum or stainless steel bands not less
than 3/8 inch wide and not more than 8 inches apart.  When penetrating
roofs and before fitting the metal jacket into place, a 1/2 inch wide
strip of sealant shall be run vertically along the inside of the
longitudinal joint of the metal jacket from a point below the backup
material to a minimum height of 36 inches above the roof.  If the pipe
turns from vertical to horizontal, the sealant strip shall be run to a
point just beyond the first elbow.  When penetrating waterproofing
membrane for floors, the metal jacket shall extend from a point below
the back-up material to a minimum distance of 2 inches above the
flashing.  For other areas, the metal jacket shall extend from a point
below the backup material to a point 12 inches above material to a
minimum distance of 2 inches above the flashing.  For other areas, the
metal jacket shall extend from a point below the backup material to a
point 12 inches above the floor; when passing through walls above
grade, the jacket shall extend at least 4 inches beyond each side of
the wall.

3.4.12.1 Pipes Passing Through Waterproofing Membranes

In addition to the pipe sleeves referred to above, pipes passing through
waterproofing membranes shall be provided with a 4 pound lead flashing or a
16 ounce copper flashing, each within an integral skirt or flange.
Flashing shall be suitably formed, and the skirt or flange shall extend not
less than 8 inches from the pipe and shall set over the membrane in a
troweled coating of bituminous cement.  The flashing shall extend above the
roof or floor a minimum of 10 inches.  The annular space between the
flashing and the bare pipe or between the flashing and the
metal-jacket-covered insulation shall be sealed as indicated.  Pipes up to
and including 10 inches in diameter which pass through waterproofing
membrane may be installed through a cast-iron sleeve with caulking recess,
anchor lugs, flashing clamp device, and pressure ring with brass bolts.
Waterproofing membrane shall be clamped into place and sealant shall be
placed in the caulking recess.

3.4.12.2 Optional Modular Mechanical Sealing Assembly

At the option of the Contractor, a modular mechanical type sealing assembly
may be installed in the annular space between the sleeve and conduit or
pipe in lieu of a waterproofing clamping flange and caulking and sealing
specified above.  The seals shall include interlocking synthetic rubber
links shaped to continuously fill the annular space between the
pipe/conduit and sleeve with corrosion-protected carbon steel bolts, nuts,
and pressure plates.  The links shall be loosely assembled with bolts to
form a continuous rubber belt around the pipe with a pressure plate under
each bolt head and each nut.  After the seal assembly is properly
positioned in the sleeve, tightening of the bolt shall cause the rubber
sealing elements to expand and provide a watertight seal between the
pipe/conduit and the sleeve.  Each seal assembly shall be sized as
recommended by the manufacturer to fit the pipe/conduit and sleeve involved.

3.4.12.3 Optional Counterflashing

As alternates to caulking and sealing the annular space between the pipe
and flashing or metal-jacket-covered insulation and flashing,
counterflashing may consist of standard roof coupling for threaded pipe up
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to 6 inches in diameter, lead flashing sleeve for dry vents with the sleeve
turned down into the pipe to form a waterproof joint, or a tack-welded or
banded-metal rain shield around the pipe, sealed as indicated.

3.4.12.4 Fire Seal

Where pipes pass through firewalls, fire partitions, or floors, a fire seal
shall be provided as specified in Section 07 84 00.01 00 FIRESTOPPING.

3.4.13 Balancing Valves

Balancing valves shall be installed as indicated.

3.4.14 Thermometer Wells

Provide a thermometer well in each return line for each circuit in
multicircuit systems.

3.4.15 Air Vents

Install air vents in piping at all system high points.  The vent shall
remain open until water rises in the tank or pipe to a predetermined level
at which time it shall close tight.  An overflow pipe from the vent shall
be run to a point designated by the Contracting Officer's representative.
The inlet to the air vent shall have a gate valve or ball valve.

3.4.16 Escutcheons

Provide escutcheons at all finished surfaces where exposed piping, bare or
insulated, passes through floors, walls, or ceilings except in boiler,
utility, or equipment rooms.  Escutcheons shall be fastened securely to
pipe or pipe covering and shall be chromium-plated iron or chromium-plated
brass, either one-piece or split pattern, held in place by internal spring
tension or setscrews.

3.4.17 Drains

A drain connection with a 1 inch gate valve or 3/4 inch hose bib shall be
installed at the lowest point in the return main near the boiler.  In
addition, threaded drain connections with threaded cap or plug shall be
installed wherever required for thorough draining of the system.

3.4.18 Strainer Blow-Down Piping

Strainer blow-down connections shall be fitted with a black steel blow-down
pipeline routed to an accessible location and provided with a blow-down
valve.

3.4.19 Direct Venting for Exhaust Air

The exhaust vents shall be installed in accordance with NFPA 54 and boiler
manufacturer's recommendations.  The exhaust vent shall be sloped 1/4
inch/ft toward the boiler's flue gas condensate collection point.

3.5 FUEL OIL SYSTEM

Fuel oil system shall be installed in accordance with NFPA 31, unless
otherwise indicated.
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3.5.1 Piping and Storage Tank

Fuel oil piping and storage tanks shall be installed in accordance with
Section 33 56 10.01 00 FACTORY-FABRICATED FUEL STORAGE TANKS, unless
indicated otherwise.

3.5.2 Automatic Safety Shutoff Valve

Oil supply line to each oil burner shall be equipped with an automatically
operated valve designed to shut off the oil supply in case of fire in the
immediate vicinity of the burner.  The valve shall be thermoelectrically
actuated or thermomechanically actuated type and shall be located
immediately downstream of the manual shutoff valve at the day tank inside
of the building.  If a day tank is not used, the automatic safety valve
shall be located immediately downstream of the building shutoff devices
where oil supply line enters the building.  A thermoelectrical or
thermomechanical detection device shall be located over the oil burner to
activate the valve.  A fire shutoff valve may be combined with other 3.6

COLOR CODE MARKING AND FIELD PAINTING

Color code marking of piping shall be as specified in Section 09 90 00.01 00
 PAINTS AND COATINGS.  Ferrous metal not specified to be coated at the
factory shall be cleaned, prepared, and painted as specified in Section
09 90 00.01 00 PAINTS AND COATINGS.  Exposed pipe covering shall be painted
as specified in Section 09 90 00.01 00 PAINTS AND COATINGS.  Aluminum
sheath over insulation shall not be painted.

3.7 MANUFACTURER'S SERVICES

Provide the services of a manufacturer's representative who is experienced
in the installation, adjustment, and operation of the equipment specified
to supervise the installing, adjusting, and testing of the equipment.

3.8 TEST OF BACKFLOW PREVENTION ASSEMBLIES

Backflow prevention assemblies shall be tested in accordance with Section
22 00 00.01 00 PLUMBING, GENERAL PURPOSE.

3.9 HEATING SYSTEM TESTS

Submit the Qualifications of the firms in charge of installation and
testing as specified.  Submit a statement from the firms proposed to
prepare submittals and perform installation and testing, demonstrating
successful completion of similar services of at least five projects of
similar size or scope, at least 2 weeks prior to the submittal of any other
item required by this section.  Before any covering is installed on pipe or
heating equipment, the entire heating system's piping, fittings, and
terminal heating units shall be hydrostatically tested and proved tight at
a pressure of 1.5 times the design working pressure, but not less than 100
psi.  Submit proposed test procedures for the heating system tests and fuel
system tests, at least 2 weeks prior to the start of related testing.

a.  Before pressurizing system for test, items or equipment (e.g., vessels,
pumps, instruments, controls, relief valves) rated for pressures below
the test pressure shall be blanked off or replaced with spool pieces.

b.  Before balancing and final operating test, test blanks and spool pieces
shall be removed; and protected instruments and equipment shall be
reconnected.  With equipment items protected, the system shall be
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pressurized to test pressure.  Pressure shall be held for a period of
time sufficient to inspect all welds, joints, and connections for
leaks, but not less than 2 hours.  No loss of pressure will be
allowed.  Leaks shall be repaired and repaired joints shall be retested.

c.  Repair joints shall not be allowed under the floor for floor radiant
heating systems.  If a leak occurs in tubing located under the floor in
radiant heating systems, the entire zone that is leaking shall be
replaced.  If any repair is made above the floor for floor radiant
heating systems, access shall be provided for the installed joint.
Caulking of joints shall not be permitted.

d.  System shall be drained and after instruments and equipment are
reconnected, the system shall be refilled with service medium and
maximum operating pressure applied.  The pressure shall be held while
inspecting these joints and connections for leaks.  The leaks shall be
repaired and the repaired joints retested.

Upon completion of hydrostatic tests and before acceptance of the
installation, submit test reports for the heating system tests.  Upon
completion of testing complete with results, balance the heating system in
accordance with Section 23 05 93.01 00 TESTING, ADJUSTING, AND BALANCING OF
HVAC SYSTEMS and operating tests required to demonstrate satisfactory
functional and operational efficiency.  The operating test shall cover a
period of at least 24 hours for each system, and shall include, as a
minimum, the following specific information in a report, together with
conclusions as to the adequacy of the system:

a.  Certification of balancing.

b.  Time, date, and duration of test.

c.  Outside and inside dry bulb temperatures.

d.  Temperature of hot water supply leaving boiler.

e.  Temperature of heating return water from system at boiler inlet.

f.  Quantity of water feed to boiler.

g.  Boiler make, type, serial number, design pressure, and rated capacity.

h.  Fuel burner make, model, and rated capacity; ammeter and voltmeter
readings for burner motor.

i.  Circulating pump make, model, and rated capacity, and ammeter and
voltmeter readings for pump motor during operation.

j.  Flue-gas temperature at boiler outlet.

k.  Percent carbon dioxide in flue-gas.

l.  Grade or type and calorific value of fuel.

m.  Draft at boiler flue-gas exit.

n.  Draft or pressure in furnace.

o.  Quantity of water circulated.
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p.  Quantity of fuel consumed.

3.9.1 Boiler/Piping Test

At the conclusion of the 1 year period, the boiler piping shall be
inspected for problems due to corrosion and scale.  If the boiler is found
not to conform to the manufacturer's recommendations, and the water
treatment company recommendations have been followed, the water treatment
company shall provide all chemicals and labor for cleaning or repairing the
equipment as required by the manufacturer's recommendations. If corrosion
is found within the condensate piping, proper repairs shall be made by the
water treatment company.

3.10 CLEANING

3.10.1 Boilers and Piping

After the hydrostatic tests have been made and before the system is
balanced and operating tests are performed, the boilers and piping shall be
thoroughly cleaned by filling the system with a solution consisting of
either 1 pound of caustic soda or 1 pound of trisodium phosphate per 50
gallons of water.  The proper safety precautions shall be observed in the
handling and use of these chemicals. The water shall be heated to
approximately 150 degrees F and the solution circulated in the system for a
period of 48 hours.  The system shall then be drained and thoroughly
flushed out with fresh water. Strainers and valves shall be thoroughly
cleaned.  Prior to operating tests, air shall be removed from all water
systems by operating the air vents.

3.10.2 Heating Units

Inside space heating equipment, ducts, plenums, and casing shall be
thoroughly cleaned of debris and blown free of small particles of rubbish
and dust and then vacuum cleaned before installing outlet faces.  Equipment
shall be wiped clean, with all traces of oil, dust, dirt, or paint spots
removed.  Temporary filters shall be provided for fans that are operated
during construction, and new filters shall be installed after construction
dirt has been removed from the building, and the ducts, plenum, casings,
and other items specified have been vacuum cleaned.  System shall be
maintained in this clean condition until final acceptance.  Bearings shall
be properly lubricated with oil or grease as recommended by the
manufacturer.  Belts shall be tightened to proper tension.  Control valves
and other miscellaneous equipment requiring adjustment shall be adjusted to
setting indicated or directed.  Fans shall be adjusted to the speed
indicated by the manufacturer to meet specified conditions.

3.11 FIELD TRAINING

Conduct a training course for the operating staff as designated by the
Contracting Officer.  The training period shall consist of a total of 16
hours of normal working time and shall start after the system is
functionally completed but prior to final acceptance tests.

a.  The field instructions shall cover all of the items contained in the
approved operation and maintenance manuals, as well as demonstrations
of routine maintenance operations and boiler safety devices.

b.  Submit system layout diagrams that show the layout of equipment,
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piping, and ductwork and typed condensed operation manuals explaining
preventative maintenance procedures, methods of checking the system for
normal, safe operation, and procedures for safely starting and stopping
the system, framed under glass or laminated plastic, at least 2 weeks
prior to the start of related testing.  After approval, these items
shall be posted where directed.

c.  Submit six complete operation and maintenance instructions listing
step-by-step procedures required for system startup, operation,
shutdown, and routine maintenance, at least 2 weeks prior to field
training.  The manuals shall include the manufacturer's name, model
number, parts list, simplified wiring and control diagrams,
troubleshooting guide, and recommended service organization (including
address and telephone number) for each item of equipment.  Each service
organization shall be capable of providing 4 hour onsite response to a
service call on an emergency basis.

d.  Notify the Contracting Officer at least 14 days prior to date of
proposed conduction of the training course.

3.12 FUEL SYSTEM TESTS

Submit test reports for the fuel system tests, upon completion of testing
complete with results.

3.12.1 Fuel Oil System Test

The fuel oil system shall be tested in accordance with Section
33 56 10.01 00 FACTORY-FABRICATED FUEL STORAGE TANKS.

        -- End of Section --
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